Aims: The aim of this study was to improve the selective isolation of Listeria monocytogenes from smoked haddock fillets. Methods and Results: Listeria selective agar (LSA) -Oxford formulation was supplemented with 25 lg ml )1 of colistin sulphate and 30 lg ml )1 of nalidixic acid. Inocula from four smoked haddock fillets produced colonies (approx. 2-13 bacteria g )1 ), identified as L. monocytogenes, on LSA supplemented with antimicrobial compounds (MLSA 1 ). Moreover, there was only negligible evidence of bacteria which were not L. monocytogenes on MLSA. In contrast, LSA supported dense bacterial growth, which was not equated with L. monocytogenes. Significance and Impact of the Study: The modified medium permitted the recovery of L. monocytogenes from smoked haddock fillets and reduced the growth of contaminating bacteria.
INTRODUCTION
Listeria monocytogenes, the causal agent of listeriosis (Tham et al. 2000) , has been associated with smoked (Paranjpye et al. 1992; Jemmi 1993; Dominguez et al. 2001; Norton et al. 2001; Val-Velho et al. 2001a,b 2 ; Jeyasekaran et al. 2002) and non-smoked fish fillets (Nedoluha et al. 2001) . Traditionally, isolation of the organism involves use of selective media, including PALCAM 3 , blood agar with nalidixic acid agar and Oxford Listeria selective agar (LSA) (Art and Andre 1991; Williams and Golden 1998; Waak et al. 1999; Silk et al. 2002) and enrichment and pre-enrichment broths (Hitchins and Duvall 2000; Zhao and Doyle 2001; Silk et al. 2002) with incubation at 30°C for 48 h (Hitchins and Duvall 2000) . However, growth of L. monocytogenes may be hindered by the presence of other micro-organisms (Hitchins and Duvall 2000) and the selective media may not be completely selective (Palumbo 1991) . Nevertheless, it has been regarded that PALCAM agar and Oxford LSA are advantageous because of their ability to reduce the presence of contaminating microorganisms (Art and Andre 1991) . As a prelude to the current study, it was revealed that the presence of Listeria in smoked fish tissues is often masked by the growth of other microorganisms. Consequently, efforts were made to further improve the selective recovery of L. monocytogenes.
MATERIALS AND METHODS

Bacterial cultures
Two cultures of L. monocytogenes, ATCC 19115 (American Type Culture Collection, Manassas, VA, USA) and NCTC 10357 T (type culture; National Collection of Type Cultures, Colindale, London, UK), were maintained at room temperature on plates of tryptone soya agar (Oxoid, Basingstoke, UK) with subculturing every week. Long-term storage was as suspensions in 15% (v/v) glycerol at )70°C.
Evaluation of antimicrobial compounds
The LSA -Oxford formulation (Oxoid) was used to assess sensitivity to ampicillin (10 and 25 lg), carbenicillin (100 lg), cephalothin (5 lg), colistin sulphate (25 and 
Evaluation of bacteriological media
The value of PALCAM agar (Oxoid) and LSA were evaluated for the growth and recovery of L. monocytogenes. Antimicrobial compounds, which demonstrated resistance to L. monocytogenes, were used to enhance selectivity. Solutions, containing 100 mg of the antimicrobial compounds (Sigma, Poole, UK) per millilitre in distilled water were filtered (0AE22-lM M pore size Millex porosity filters; Millipore, Edinburgh, UK) and stored at 4°C. The solutions were warmed to 45°C, and added to molten cooled medium to achieve the concentrations, as indicated above.
Growth of L. monocytogenes on the bacteriological media
Listeria monocytogenes ATCC 19115 and NCTC 10357 were grown at room temperature for 72 h in 10-ml volumes of Fraser broth (Oxoid). Then, the cells were recovered (1000 g for 15 min at 4°C), washed three times in 0AE9% (w/v) saline, and re-suspended in fresh broth to 10 7 cells ml )1 , as determined by means of a haemocytometer slide (Improved Neubauer type) at a magnification of ·1000 on a Kyowa light microscope. Suspensions were serially diluted to 10 )6 in Fraser broth. To compare recovery, 0AE1 ml volumes were spread over the surface of media with and without selective supplements and incubated at room temperature for 48 and 72 h after which the number of colonies was counted.
Collection and examination of smoked haddock fillets
Smoked haddock fillets were obtained from 16 fishmongers located in and around Edinburgh, UK. These were transferred to the laboratory in the wrappings provided by the fishmongers, and examined within 1-2 h of collection. Using a flame-sterilized scalpel, 1 g pieces were cut from the middle region of each fillet and transferred to 10-ml volumes of Fraser broth in screw-capped bottles and shaken vigorously for 5 min before preparing dilutions to 10 )8 in Fraser broth (Oxoid). Then, 0AE1 ml volumes were spread over the surface of triplicate plates of media with and without selective supplements, and incubated at room temperature for 48 h. Colonies of 0AE5-2AE0 mm in diameter, which contained a black centre and were surrounded by a black halo (these matched the description of L. monocytogenes according to Oxoid) were streaked and re-streaked on fresh media to achieve purity before identification.
Recovery of L. monocytogenes from experimentally seeded smoked haddock (Melanogrammus aeglefinus) fillets Volumes (1 ml) of a washed suspension of L. monocytogenes containing approx. 10 4 cells ml )1 were added to 1-g pieces of smoked haddock fillet in 10 ml volumes of Fraser broth. After 10 min, dilutions were prepared, and 0AE1-ml volumes spread over the surface of media with and without selective supplements, and incubated at room temperature for 48 h, as before.
Identification of L. monocytogenes
Gram stained smears were examined and L. monocytogenes was indicated by the presence of Gram-positive rods. Confirmation was obtained in all cases by means of the characteristic profiles in the Listeria Rapid test (Oxoid), with API Listeria (API Laboratories, Basingstoke, UK), and the presence of catalase but not oxidase and motility in hanging drops (Austin and Austin 1999) .
RESULTS AND DISCUSSION
Generally, the two cultures of L. monocytogenes ATCC 19115 and NCTC 10357 grew well on PALCAM agar and LSA. However, more colonies developed on LSA than PALCAM agar (Table 1) . Moreover, clearly visible colonies were evident on LSA within 48 h at room temperature, while longer incubation, i.e. 72 h was needed for PALCAM agar. The results of the antibiogrammes revealed that the cultures of L. monocytogenes were resistant to colistin sulphate (25 lg), nalidixic acid (30 lg) and sulphamethazole (200 lg). Emphasis was focused on improving the selectivity of LSA, which was supplemented to achieve 25 lg ml )1 of colistin sulphate, 30 lg ml )1 of nalidixic acid with or without 200 lg ml )1 of sulphamethazole. The outcome was NCTC 10357 3AE6 ± 0AE2 · 10 6 3AE3 ± 0AE1 · 10
that the formulation containing colistin sulphate and nalidixic acid (MLSA) enabled the recovery of slightly more colonies of L. monocytogenes than the medium which contained three inhibitory compounds including sulphamethazole (MLSA-S; Table 2 ). Therefore, there was not any apparent advantage in including sulphamethazole. On MLSA, the growth of the laboratory cultures of L. monocytogenes resulted in clearly discernible colonies appearing after 2 days incubation at room temperature. Moreover, there was negligible difference in the colony counts derived from the inocula on LSA or MLSA. Thus for example with ATCC 19115, 3AE4 · 10 2 CFU ml
developed after 48 h at room temperature on LSA, compared with 3AE5 · 10 2 CFU ml )1 on MLSA. Using LSA, the 16 smoked haddock fillets revealed the presence of dense populations of aerobic heterotrophic bacteria, i.e. >10 7 g
)1
. Among these populations, 30-300 colonies g
)1 of fish displayed the colonial morphology of L. monocytogenes. However, examination of the phenotypic traits did not identify those as L. monocytogenes. In contrast, on MLSA there was negligible evidence of the presence of bacteria which did not possess the colony traits of L. monocytogenes. Instead, inocula from four smoked fish fillets produced colonies on MLSA (estimated at 2-13 bacteria g
)1 ), all of which were subsequently identified as L. monocytogenes. Furthermore, seeding suspensions of L. monocytogenes into broth containing smoked haddock fillets led to a better recovery of the organism on MLSA than LSA. Thus, using MLSA, all 16 fillets revealed the presence of L. monocytogenes (estimated at 21 to 118 bacterial cells per gram) whereas on LSA the pathogen was isolated and presumptive positives confirmed as L. monocytogenes from only three fish samples (estimated populations of 34 to 102 bacterial cells per gram). As before, the LSA plates contained dense populations of bacteria (estimated populations of >10 7 bacterial cells per fram) few of which corresponded with the colonial characteristics of L. monocytogenes, and indeed, most of these colonies were not confirmed as L. monocytogenes after comparison of the phenotypic traits.
It was apparent that the addition of colistin sulphate and nalidixic acid to LSA improved the selectivity of the medium, and permitted the more ready recognition of L. monocytogenes from smoked haddock fillets. 
